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 $EVWUDFW²$QNOHVSUDLQVDUHWKHPRVWFRPPRQW\SHRIDQNOH
LQMXULHVIRUWKHJHQHUDOSXEOLF'XHWRWKHODFNRIKXPDQPDQXDO
WKHUDS\ UHVRXUFHV LW LV KLJKO\ GHPDQGLQJ IRU URERWDVVLVWHG
UHKDELOLWDWLRQ WUDLQLQJ +RZHYHU PRVW RI WKH FXUUHQW URERWLF
DQNOH UHKDE GHYLFHV DUH GULYHQ E\ ULJLG DFWXDWRUV DQG KDYH
SUREOHPVVXFKDVOLPLWHGGHJUHHVRIIUHHGRPODFNRIVDIHW\DQG
FRPSOLDQFH DQG SRRU IOH[LELOLW\ 7KLV SDSHU ZLOO GHVLJQ D QHZ
YHUVLRQ RI FRPSOLDQW DQNOH UHKDELOLWDWLRQ URERW UHGXQGDQWO\
GULYHQ E\ SQHXPDWLF PXVFOHV 30V WR SURYLGH IXOO UDQJH RI
PRWLRQDQGWRUTXHDELOLW\IRUKXPDQDQNOHZLWKHQKDQFHGVDIHW\
DQGDGDSWDELOLW\DWWULEXWLQJWRWKH30¶VKLJKSRZHUPDVVUDWLR
JRRGIOH[LELOLW\DQGOLJKWZHLJKWDGYDQWDJHV,QWKLVSDSHUWKH
GULYLQJ FKDUDFWHULVWLFV RI WKH 30 DFWXDWRUV DV ZHOO DV WKH
NLQHPDWLFV DQG UHKDELOLWDWLRQ UHTXLUHPHQWV RI WKH DQNOH MRLQW
DUH DQDO\]HG $QHZ W\SHRIDQNOHUHKDELOLWDWLRQ URERW WKDW LV
UHGXQGDQWO\GULYHQE\ILYH30VLVGHVLJQHGDQGPRGHOHG7KH
DQNOH MRLQW FDQ EH FRPSOLDQWO\ GULYHQ E\ WKH URERW ZLWK IXOO
WKUHHGHJUHHVRIIUHHGRPWRSHUIRUPGRUVLIOH[LRQSODQWDUIOH[LRQ
LQYHUVLRQHYHUVLRQDQGDGGXFWLRQDEGXFWLRQWUDLQLQJ7KHQWKH
NLQHPDWLFV DQG G\QDPLFV PRGHO RI WKH UHKDELOLWDWLRQ URERW LV
HVWDEOLVKHGWRYDOLGDWHDQGYHULI\WKHGHVLJQDQGWKHPRGHOV
, ,1752'8&7,21
*OREDOO\0SHRSOHVXIIHUDVWURNHHYHU\\HDUFDXVLQJ
0 SHUPDQHQWO\ GLVDEOHG ZKLFK PDNHV VWURNH WKH VHFRQG
OHDGLQJFDXVHRIGLVDELOLW\>@$QNOHVSUDLQVZKLFKLQYROYH
RYHUVWUHWFKLQJWKHOLJDPHQWVDQGVRIWWLVVXHVDURXQGWKHDQNOH
DUHWKHPRVWFRPPRQW\SHRIDQNOHLQMXULHV,QWKH8.WKHUH
DUH ! PLOOLRQ HPHUJHQF\ GHSDUWPHQW YLVLWV ZLWK VSUDLQHG
DQNOHVD\HDUDFFRXQWLQJIRULQFLGHQFHVSHUGD\>@,Q
VSRUWVDQNOHLQMXULHVDUHWKHPRVWIUHTXHQWLQMXULHVZLWKDQNOH
VSUDLQVDFFRXQWLQJIRURIWRWDODQNOHLQMXULHV>@7KH\
KDYHWKHKLJKHVWLQFLGHQFHUDWHDPRQJYDULRXVVSRUWVLHWKH
UDWHVDUHDQGIRUILHOGKRFNH\UXJE\DQG
EDVNHWEDOO UHVSHFWLYHO\ >@ 7KH HFRQRPLF EXUGHQ RI DQNOH
VSUDLQV LV VLJQLILFDQW DQG WKH DYHUDJH FRVW RI WUHDWLQJ DQNOH
VSUDLQLVDSSUR[LPDWHO\>@DPRXQWLQJWRDQHVWLPDWHG

5HVHDUFK VXSSRUWHGE\1DWLRQDO1DWXUDO6FLHQFH)RXQGDWLRQRI&KLQD
XQGHU JUDQW QXPEHUV  DQG  DQG WKH 1DWXUDO 6FLHQFH
)RXQGDWLRQRI+XEHL3URYLQFH&)%
: 0HQJ LV ZLWK WKH 6FKRRO RI ,QIRUPDWLRQ (QJLQHHULQJ :XKDQ
8QLYHUVLW\RI7HFKQRORJ\/XRVKL5RDG:XKDQ&KLQDDQGWKH6FKRRO
RI(OHFWURQLFDQG(OHFWULFDO(QJLQHHULQJ8QLYHUVLW\RI/HHGV/HHGV/6
-78.HPDLOZHLPHQJ#ZKXWHGXFQZPHQJ#OHHGVDFXN
&=KXLVZLWK6FKRRORI,QIRUPDWLRQ(QJLQHHULQJ:XKDQ8QLYHUVLW\RI
7HFKQRORJ\/XRVKL5RDG:XKDQ&KLQD]FKHQJ[#ZKXWHGXFQ
-=XRLVZLWKWKH6FKRRORI,QIRUPDWLRQ(QJLQHHULQJ:XKDQ8QLYHUVLW\
RI7HFKQRORJ\/XRVKL5RDG:XKDQ&KLQD]XRMLH#ZKXWHGXFQ
4$LLVZLWKWKH6FKRRORI,QIRUPDWLRQ(QJLQHHULQJ:XKDQ8QLYHUVLW\RI
7HFKQRORJ\/XRVKL5RDG:XKDQ&KLQDTLQJVRQJDL#ZKXWHGXFQ
4/LXLVZLWKWKH6FKRRORI,QIRUPDWLRQ(QJLQHHULQJ:XKDQ8QLYHUVLW\
RI7HFKQRORJ\/XRVKL5RDG:XKDQ&KLQDTXDQOLX#ZKXWHGXFQ
6 4;LH LVZLWK WKH6FKRRO RI (OHFWURQLF DQG(OHFWULFDO (QJLQHHULQJ
8QLYHUVLW\RI/HHGV/HHGV/6-78.HPDLOVT[LH#OHHGVDFXN
DQQXDOGLUHFWWUHDWPHQWFRVWRI!ELOOLRQ7KHWRWDOLQGLUHFW
FRVWV HJ FRVWV RI WUDYHO SURGXFWLYLW\ ORVV DQG PHGLFDO
WUHDWPHQW ZLOO H[FHHG  ELOOLRQ HDFK \HDU LPSRVLQJ
WUHPHQGRXVHFRQRPLFEXUGHQRQWKH8.VRFLHW\>@
,WLVZLGHO\DFFHSWHGWKDWWKHGHYHORSPHQWRIFKURQLFDQNOH
LQVWDELOLW\ LV GHSHQGHQW XSRQ WKH LQWHUDFWLRQ RI YDULRXV
PHFKDQLFDODQGVHQVRULPRWRUIXQFWLRQDOLQVWDELOLWLHVWKHUHIRUH
DQNOHUHKDELOLWDWLRQZKLFKDLPVWRUHVWRUHWKHDQNOHDELOLW\VR
WKDW LV FDQ PRYH ZLWK D IXOO UDQJH RI PRWLRQ HQKDQFH WKH
PXVFOH VWUHQJWK DQG LPSURYH WKH SURSULRFHSWLRQ FRQWURO LV
UHTXLUHGWRSUHYHQWSURJUHVVLRQRIDVLQJOHDFXWHDQNOHVSUDLQ
HYHQWLQWRDFKURQLFDOO\XQVWDEOHFRQGLWLRQ>@7KHUHSHWLWLYH
DQGWHGLRXVQDWXUHRIUHKDELOLWDWLRQPDNHVWKHXVHRIDURERWLF
V\VWHP DQ DWWUDFWLYH DOWHUQDWLYH IRU DQNOH WUHDWPHQW 2XU
UHYLHZVKRZVWKDWOLPLWDWLRQVH[LVWLQFXUUHQWURERWVVXFKDV
WKHLQDSSURSULDWHURERWLFGHVLJQVPDOOUDQJHRIPRWLRQ5R0
DQG OLPLWHG IRUFHWRUTXH FDSDELOLW\ >@ 0HDQZKLOH PRVW RI
WKH FXUUHQW DQNOH UHKDELOLWDWLRQ URERWV DUH GULYHQ E\ ULJLG
DFWXDWRUVZKLFKKDYHSUREOHPVVXFKDVODFNRIVDIHW\DQGSRRU
IOH[LELOLW\7KHUHDUHDIHZSUHOLPLQDU\URERWLFSURWRW\SHVIRU
SRVWVWURNH UHKDELOLWDWLRQ EXW QR URERWLF GHYLFHV GHYHORSHG
VSHFLILFDOO\IRUDQNOHVSUDLQDVVHVVPHQWDQGWUHDWPHQW>@)RU
H[DPSOH0,7$QNOHERW>@DQG5RERWLF*DLW7UDLQHU>@FDQ
RQO\RSHUDWHZLWKDVLQJOHGHJUHHRIIUHHGRP'R)([LVWLQJ
PXOWLSOH'R)V DQNOH URERWVVXFKDV5XWJHUV$QNOH >@DQG
$5%27>@DUHGULYHQE\ULJLGDQGVWLIIDFWXDWRUV>@$QNOH
VSUDLQVKDYHSK\VLFDOGDPDJHWRDQNOHOLJDPHQWVDQGWLVVXHV
ZKLFKOHDGWRPHFKDQLFDODQGIXQFWLRQDOLQVWDELOLWLHV>@7KH
PHFKDQLFDO VWUXFWXUH UHTXLUHPHQW PHGLFDO IXQGDPHQWDOV
DVVHVVPHQWDQGWUHDWPHQWRISDWLHQWVZLWKDQNOHVSUDLQVUDLVH
FKDOOHQJHVLQWKHGHVLJQRIFRPSOLDQWDQNOHURERW
3QHXPDWLFPXVFOHV30VKDYHWKHFKDUDFWHULVWLFVRIKLJK
RXWSXWVHOIZHLJKWUDWLRDQGDUHWKHUHIRUHVXLWDEOHIRUZHDUDEOH
DQG UHKDELOLWDWLRQ URERWV ZKHQ LQWHUDFWLQJ ZLWK KXPDQV $V
30FDQRQO\SURYLGHSXOOLQJIRUFHUDWKHUWKDQSXVKLQJIRUFH
WZRSQHXPDWLFPXVFOHVDUHXVXDOO\DGRSWHGLQDQDQWDJRQLVW
VWUXFWXUHWRUHDOL]HWKHURWDU\PRWLRQRIDVLQJOHMRLQW+XDQJHW
DO>@GHVLJQHGD'R)ZULVWUHKDELOLWDWLRQURERWGULYHQE\
WZRSDLUVRISQHXPDWLFPXVFOHVZLWKDSXOOH\WRDFKLHYHWKH
URWDWLRQ RI WKH ZULVW MRLQW &DR HW DO >@ GHVLJQHG D NQHH
H[RVNHOHWRQ URERW XVLQJ IRXU SQHXPDWLF PXVFOHV WR DFKLHYH
IOH[LRQ DQG H[WHQVLRQ RI WKH NQHH MRLQW LQ WKH IRUP RI
DQWDJRQLVWLFSDLUVDQGSXOOH\V)RUVLQJOH'R)MRLQWVVXFKDV
KLSRUNQHHWKHDQWDJRQLVWLFVWUXFWXUHLVFRPSHWHQW+RZHYHU
IRU MRLQWV ZLWK PXOWLSOH 'R)V VXFK DV WKH DQNOH MRLQW WKH
ODUJHVFRSHXVHRIWKHDQWDJRQLVWLFPRGXOHVZLOOVLJQLILFDQWO\
LQFUHDVH WKH PHFKDQLFDO FRPSOH[LW\ DQG FRQWURO 3DUDOOHO
PHFKDQLVPKDVWKHDGYDQWDJHVRIVWURQJORDGLQJFDSDFLW\DQG
VPDOORSHUDWLRQHUURUDQGLVVXLWDEOHIRUWKHUHKDELOLWDWLRQRI
DQNOHMRLQWV>@$SDUDOOHODQNOHUHKDELOLWDWLRQURERWDFWXDWHG
'HVLJQDQG0RGHOOLQJRID&RPSOLDQW$QNOH5HKDELOLWDWLRQ5RERW
5HGXQGDQWO\'ULYHQE\3QHXPDWLF0XVFOHV
:HL0HQJ0HPEHU,(((&KHQJ[LDQJ=KX-LH=XR4LQJVRQJ$L4XDQ/LX6KHQJ4;LH6HQLRU
0HPEHU,(((
 
E\ 30VKDVEHHQGHYHORSHGE\ WKH8QLYHUVLW\ RI$XFNODQG
>@LWHPSOR\VIRXUSDUDOOHO30VWRDFWXDWHWKHXVHU¶VDQNOH
MRLQW>@7KHURERWFRQVLVWVRIWZRSDUDOOHOSODWIRUPVDIL[HG
SODWIRUPDQGDPRYLQJSODWIRUPWKDWLVDFWXDWHGE\IRXU30V
LQ SDUDOOHO $Q XSGDWHG YHUVLRQ ZLWK PRUH SRZHUIXO )HVWR
PXVFOHV DQG WKUHHOLQN ORZHU SODWIRUP WR UHJXODWH WKH DQNOH
WKUHH'R)VZHUHIXUWKHUGHYHORSHGDQGWHVWHG>@7KLV
GHVLJQ DOORZV WKH SDUWLFLSDQW¶V ORZHU OLPE DQG VKLQERQH WR
VWD\ VWDWLRQDU\ GXULQJ WKH DQNOH WUDLQLQJ SURFHVV +RZHYHU
OLPLWDWLRQVVWLOOH[LVWIRUWKHVHSDUDOOHOURERWV'XHWRWKHVWULFW
V\PPHWU\RIWKHIRXUPXVFOHVWKHWRUTXHDELOLW\DQG5R0RI
WKHURERWLQDGGXFWLRQDEGXFWLRQLVTXLWHZHHN$VWKH30FDQ
RQO\ SURYLGH XQLGLUHFWLRQDO IRUFH LW LV HVVHQWLDO WR DGG D
UHGXQGDQWDFWXDWLRQWRDFKLHYHWKHUHTXLUHGPRYHPHQWV
,Q WKLVSDSHU D QHZ W\SH RISDUDOOHO DQNOH UHKDELOLWDWLRQ
URERW UHGXQGDQWO\ GULYHQ E\ 30V ZLWK IXOO WKUHH'R) DQG
5R0DELOLWLHVZLOOEHGHVLJQHGDQGPRGHOHG7KHUHVWRIWKLV
SDSHULVRUJDQL]HGDVIROORZV6HFWLRQ,,DQDO\]HVWKHKXPDQ
DQNOH PRWLRQ IHDWXUHV DQG GHVLJQV WKH PHFKDQLFDO VWUXFWXUH
DQG FRPSRQHQWV 7KH URERW NLQHPDWLF DQG G\QDPLF PRGHOV
ZLOOEHHVWDEOLVKHG LQ6HFWLRQ ,,, WR YDOLGDWH WKHPHFKDQLVP
GHVLJQ ,Q 6HFWLRQ ,9ZHSHUIRUPVLPXODWLRQV WR YHULI\ WKH
URERW PRYHPHQW DELOLW\ E\ FRPSDULQJ H[SHULPHQWDO UHVXOWV
&RQFOXVLRQDQGIXWXUHZRUNDUHSUHVHQWHGILQDOO\
,, $1./(027,21$1'52%27'(6,*1
$ $QNOH0RYHPHQW)HDWXUHV
$VRQHRI WKHPRVWFRPSOLFDWHGVWUXFWXUHVRI WKHKXPDQ
ERG\ WKH DQNOH LV DOVR YHU\ YXOQHUDEOH 7R DSSURSULDWHO\
GHOLYHUDQNOHUHKDELOLWDWLRQWKHGHVLJQHGURERWVWUXFWXUHPXVW
FRQVLGHU WKHDQNOHPRYHPHQW IHDWXUHVDQGPHHW WKHWUDLQLQJ
QHHGV+XPDQDQNOHLVPDLQO\FRPSRVHGRIWKHDQNOHMRLQWDQG
WKHWDOXVMRLQWDVVKRZQLQ)LJD7KHDQNOHMRLQWLVPDLQO\
FRPSRVHGRIWKHORZHUHQGRIWKHKXPHUXVWKHWLELDDQGWKH
WDOXV ZKLOH WKH WDOXV MRLQWPDLQO\ LQFOXGHV WKH WDOXVDQG WKH
FDOFDQHXV ,Q WKLVSDSHU WKH DQNOH MRLQW ZLOO EH WUHDWHG DV D
WKUHH'R)UHYROXWHMRLQWDVVKRZQLQ)LJELHWKHWKUHH
URWDWLRQDO'R)VDUHWKHGRUVLIOH[LRQSODQWDUIOH[LRQDURXQGWKH
; D[LV WKH LQYHUVLRQHYHUVLRQ DURXQG WKH < D[LV DQG WKH
DGGXFWLRQDEGXFWLRQURWDWLRQDURXQGWKH=D[LV

)LJXUH $QDO\VLVRIWKHDQNOHPRYHPHQWDELORJLFDOVWUXFWXUHRIWKH
DQNOHEDQNOHPRYLQJGHJUHHVRIIUHHGRP
,QRUGHUWRGHVLJQDURERWPHHWLQJWKHUHKDELOLWDWLRQQHHGV
RIWKHDQNOHLWLVQHFHVVDU\WRUHDOL]HWKHURWDWLRQDOPRYHPHQW
RI WKHDQNOH LQ WKH WKUHH'R)VDURXQGWKH;<DQG=D[HV
HVSHFLDOO\WKHURWDWLRQDO5R0ZKLFKSOD\VDPDMRUUROH>@
7DEOH  VKRZV WKH PD[LPXP 5R0 RI WKH DQNOH 7KH URERW
PXVWKDYHDZRUNVSDFHWKDWFRYHUVWKHW\SLFDOUDQJHRIPRWLRQ
RI WKHKXPDQDQNOH LQPRVW VLWXDWLRQV LQRUGHU WR FDUU\RXW
GLIIHUHQWDQNOHUHKDELOLWDWLRQH[HUFLVHVHDVLO\
7$%/(, 5$1*(2)027,212)7+(+80$1$1./(
 $QNOH0RWLRQV 0D[LPXP5R0
[T  'RUVLIOH[LRQ RR
[T  3ODQWDUIOH[LRQ RR
\T  ,QYHUVLRQ RR
\T  (YHUVLRQ RR
]T  $GGXFWLRQ RR
]T  $EGXFWLRQ RR
% 5RERW0HFKDQLVP'HVLJQ
$V SQHXPDWLF PXVFOHV FDQ RQO\ SURYLGH WHQVLRQ IRUFH
WKHUH PXVW EH D UHGXQGDQF\ WR DFKLHYH IRUFH FORVXUH RI WKH
URERW7KDW LV WRFRPSOHWHDURWDWLRQDOPRWLRQRIGHJUHHVRI
IUHHGRPDWOHDVWDSQHXPDWLFPXVFOHDFWXDWRULVUHTXLUHG>@
0DQ\SDUDOOHODQNOHUHKDELOLWDWLRQGHYLFHVDUHGULYHQIURPWKH
GRZQVLGHZLWKWKHXSSHUSODWIRUPFRQVWUDLQHGDERXWDFHQWHU
RI URWDWLRQ ZKLFK LV XVXDOO\ QRW FRLQFLGHQW ZLWK WKH DFWXDO
DQNOHFHQWHU,QRUGHUWRPHHWWKHDERYHPHQWLRQHG5R0DQG
UHKDELOLWDWLRQ QHHGV RI WKH DQNOH WKLV SDSHU GHVLJQV D
UHKDELOLWDWLRQ URERWZLWK WKHGULYLQJ SDUWRQ WKH WRS DQG WKH
PRYLQJSODWIRUPEHORZZKLFKFDQHQVXUHWKHURWDWLRQFHQWHU
RI WKH URERW LV LQ FRQVLVWHQW ZLWK WKH URWDWLRQ FHQWHU RI WKH
SDUWLFLSDQW¶V DQNOH 7KHGHVLJQ LV DFWXDWHG IURP WKH WRS DQG
WKXVHQDEOHWKHXVHUWRZHDULWZLWKWKHVKDQNEHVWDWLRQDU\
7KHGHVLJQHGDQNOHURERWLVPDLQO\FRPSRVHGRIDPRYLQJ
SODWIRUPDGULYLQJPRGXOHDQGDVXSSRUWPRGXOHWRKHOSWKH
SDWLHQWFRPSOHWHWKUHHDQNOHURWDWLRQDOPRYHPHQWVZKLOHWKH
WUDQVODWLRQLQWKHWKUHHGLUHFWLRQVRI;<DQG=D[HVFDQEH
UHVWULFWHG 7KH PRYLQJ SODWIRUP PRGHO LV VKRZQ LQ )LJ 
ZKLFK LQFOXGHV WKHURWDWLQJSODWIRUPMRLQW ;D[LVDQG LWV
OHIW DQG ULJKW VXSSRUW URGV WKH URWDWLQJ SODWIRUP MRLQW 
<D[LVDQGWKHURWDWLQJSODWIRUPMRLQW=D[LV7KHURERW
ZLOOEH HTXLSSHGZLWK IRRWSODWH DQJOH VHQVRUV DQGVL[D[LV
IRUFHWRUTXHVHQVRUWRPRQLWRUWKHURERWPRYHPHQWDVZHOODV
WKHKXPDQURERWLQWHUDFWLRQ7KHOHIWDQGULJKWVKDIWVXSSRUWV
DUHIL[HGRQWKHEDVH-RLQWVXSSRUWLVFRQQHFWHGWRMRLQW
WKURXJK WKH URWDWLQJ VKDIW DQG WKHGHHSJURRYHEDOOEHDULQJ
-RLQWLVDOVRFRQQHFWHGZLWKWKHFUDQNVKDIWRIMRLQWDQGWKH
FUDQNVKDIWRI MRLQW LVFRQQHFWHGZLWK WKHPRYLQJSODWIRUP
WKURXJK WKH MRLQW  DQG WKH WKUXVW EDOO EHDULQJ )LQDOO\ WKH
PRYLQJSODWIRUPLVFRQQHFWHGZLWKWKHIRRWSHGDO
 
)LJXUH 0RYLQJSODWIRUPRIWKHGHVLJQHGURERW
7KHURERWGULYLQJPRGXOHLVVKRZQLQ)LJZKLFKPDLQO\
LQFOXGHVSQHXPDWLFPXVFOHFRPSRQHQWVSXOOH\EUDFNHWVIL[HG
SXOOH\VDQGVZLQJDEOHSXOOH\V30DQG30DUHFRQQHFWHGWR
 
WKHIL[HGSRLQWRIWKHIURQWHQGRIWKHPRYLQJSODWIRUPE\WKH
ZLUHURSHWKURXJKWKHVZLQJLQJSXOOH\V7KHPRYLQJSODWIRUP
ZLOO EH GULYHQ URWDWLQJ DURXQG WKH <D[LV WR UHDFK DQNOH
LQYHUVLRQHYHUVLRQZKHQ30RU30LVFRQWUDFWHG30DQG
30DUHFRQQHFWHGWRWKHIURQWHQGRIWKHPRYLQJSODWIRUPE\
WKH ZLUH URSH WKURXJK WKH VZLQJLQJ SXOOH\V 6LPLODUO\ WKH
PRYLQJSODWIRUPZLOOEHGULYHQURWDWLQJDURXQGWKH=D[LVWR
UHDFK DQNOH DGGXFWLRQDEGXFWLRQ ZKHQ 30 RU 30 LV
FRQWUDFWHG30LVFRQQHFWHGWRWKHEDFNHQGRIWKHPRYLQJ
SODWIRUPE\WKHWZRIL[HGSXOOH\VDQGWKHVZLQJLQJSXOOH\E\D
VWHHOURSH:KHQ30RU30DQG30DUHFRQWUDFWHG WKH
PRYLQJSODWIRUPLVURWDWHGDERXWWKH;D[LVWRKHOSWKHDQNOH
MRLQWSHUIRUPGRUVLIOH[LRQSODQWDUIOH[LRQPRYHPHQW

)LJXUH 'ULYLQJPRGXOHRIWKHGHVLJQHGURERW

)LJXUH 6XSSRUWVWUXFWXUHRIWKHGHVLJQHGURERW
7KHVXSSRUWVWUXFWXUHLVVKRZQLQ)LJ,WPDLQO\LQFOXGHV
WKHEDVHPXVFOHVXSSRUWOHJVXSSRUWDQGORZHUOLPEVXSSRUW
7KHPXVFOHVXSSRUWDQGWKHOHJVXSSRUWDUHEROWHGWRWKHEDVH
7KHWKLJKSODWHDQGWKHFDOISODWHDUHEROWHGWRWKH OHJUHVWV
7KHWHOHVFRSLFURGLVXVHGWRDGMXVWWKHKHLJKWRIWKHWKLJKSODWH
WRPHHWWKHUHTXLUHPHQWVRISDWLHQWVZLWKGLIIHUHQWOHJOHQJWKV
7KH WHOHVFRSLF URG LV IL[HG RQ WKH OHJ VXSSRUW URG E\ WKH
SRVLWLRQLQJSLQDQGWKHJXLGHEROWDQGWKHSRVLWLRQLQJSLQLV
XVHGIRUSRVLWLRQLQJDQGDGMXVWLQJWKHKHLJKW7KHUDLOEROWVDUH
XVHGWROLPLWWKHH[WHQWWRZKLFKWKHWHOHVFRSLFURGLVSXOOHG
RXWRIWKHOHJUHVWV2QHVLGHRIWKHWHOHVFRSLF URGKDVDUDLO
JURRYHZLWKDYHUWLFDOKHLJKWRIPPDQGWKHRWKHUVLGHKDV
WHQSRVLWLRQLQJKROHVDQGWKHVSDFLQJRIWKHSRVLWLRQLQJKROHV
LVPP7KHDGMXVWDEOHYHUWLFDOKHLJKWRIWKHWHOHVFRSLFURG
LVPPDQG WKH DGMXVWPHQW UDQJH LVGLYLGHG LQWR  OHYHOV
HDFKRIZKLFKFDQEHLQFUHDVHGE\PP
,,, .,1(0$7,&6$1''<1$0,&602'(//,1*
$ .LQHPDWLFV0RGHOOLQJ
,QYHUVH NLQHPDWLFV RI URERW GHVFULEHV WKH UHODWLRQVKLS
EHWZHHQ WKH URWDWLRQ DQJOH RI WKH PRYLQJ SODWIRUP DQG WKH
GLVSODFHPHQWRIHDFKOLQNDVZHOODVWKH30DFWXDWRUZKLFKLV
WKHEDVLVIRUSRVLWLRQFRQWURORIWKHDQNOHUHKDELOLWDWLRQURERW
*HRPHWULFPRGHORIWKHGHVLJQHGURERWLVVKRZQLQ)LJ7KH
FRRUGLQDWH V\VWHP RI XSSHU SODWIRUP LV GHILQHG DV I2 ;<= 
WKHFRRUGLQDWHV\VWHPRIORZHUPRYLQJSODWIRUPLV P2 ;<= DFWXDO URWDWLQJ FRRUGLQDWH V\VWHP RI WKH PRYLQJ SODWIRUP LV
52 ;<=    IL3 L   UHSUHVHQW WKHFRQQHFWLRQSRLQWVRI
WKHFDEOHZLWKWKHIL[HGSODWIRUPZKLOHWKHFRQQHFWLRQSRLQWV
ZLWKWKHPRYLQJSODWIRUPDUHUHSUHVHQWHGE\   PL3 L   
7KH GLVWDQFH EHWZHHQ WKH IL[HG SODWIRUP FHQWHU I2 DQG WKH
URWDWLQJFHQWHURIWKHPRYLQJSODWIRUP 52 LV + P 7KH
GLVWDQFH EHWZHHQ WKH DFWXDO URWDWLQJ FHQWHU 52 DQG WKH
JHRPHWULF FHQWHU RI WKH PRYLQJ SODWIRUP P2 LV K P 
7KH FRRUGLQDWHV RI IL3 DQG PL3 LQ WKHLU UHVSHFWLYH FRRUGLQDWHV\VWHPVDUHLOOXVWUDWHGLQDQG

)LJXUH 0HFKDQLVPDQGJHRPHWULFPRGHORIWKHDQNOHURERW
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'HILQLQJURWDWLRQDODQJOHYHFWRURIWKHPRYLQJSODWIRUPDV
> @7[ \ ]T T T T  ZKHUH [T  \T DQG ]T UHSUHVHQW WKH URWDWLRQ
DQJOHRIWKHPRYLQJSODWIRUPDURXQGWKH;<DQG=D[LV
 >  @7I 52 2   + 
)))))&  
$FFRUGLQJ WR WKH JHRPHWULF PRGHO VKRZQ LQ )LJ  WKH
GLVSODFHPHQWYHFWRURIWKHLWKOLQNFDQEHH[SUHVVHGDV
 
   P IL I 5 5 L I L2 2 2 3 2 3 L    / 5))))))& ))))))&)))))&   
ZKHUH P5 L2 3))))))& LV WKH SRVLWLRQ YHFWRU RI PL3 LQ WKH FRRUGLQDWH
V\VWHP 52 ;<=  II L2 3))))))& UHSUHVHQWVWKHSRVLWLRQYHFWRURI IL3 LQ
WKH FRRUGLQDWH V\VWHP I2 ;<=  ZKLFK DUH WKH LQKHUHQW
SDUDPHWHU LQIRUPDWLRQRI WKH DQNOH UHKDELOLWDWLRQ URERW DQG
WKH\DUHLQGHSHQGHQWRIWKHURERWORZHUSODWIRUPPRYHPHQW
5 LVWKHURWDWLRQPDWUL[RIWKHURERWPRYLQJSODWIRUPZKLFKLV
GHWHUPLQHG E\ WKH URWDWLRQDO DQJOHV RI WKH PRYLQJ SODWIRUP
> @7[ \ ]T T T T 7KH URWDWLRQ RI WKHPRYLQJSODWIRUPFDQ EH
UHJDUGHGDVWKHURWDWLRQDURXQGWKH;D[LVWKH<D[LVDQGWKH=
D[LVUHVSHFWLYHO\ZKHUHLQWKHURWDWLRQPDWUL[DURXQGDVLQJOH
D[LV [5  \5 DQG ]5 FDQEHH[SUHVVHGDVWKHQZHFDQREWDLQ
WKHILQDOURWDWLRQPDWUL[5 DVLQ,QDQG6UHSUHVHQWV
WKHVLQIXQFWLRQDQG&UHSUHVHQWVWKHFRVIXQFWLRQ
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7KHQWKHGLVSODFHPHQWFKDQJHRIHDFK30OLQNLV
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))))))& ))))))&)))))&
  
ZKHUH LO LV WKH LQLWLDO OHQJWK RI WKH LWK OLQN LQ ZKLFK
    >     @ > @ O O O O O PP  (DFK 30
LVPPORQJVRWKHWRWDO30FDEOHOHQJWKZLOOEHWKHVXPRI
WKHWZR,I LO'  LWPHDQVWKDWWKH30QHHGVWRFRQWUDFW2U
LO' ! PHDQVWKDWWKH30QHHGVWREHVWUHWFKHG
6RIDUWKHLQYHUVHNLQHPDWLFVPRGHORIWKH'2)DQNOH
UHKDELOLWDWLRQURERWKDVEHHQHVWDEOLVKHG:LWKLQWKH5R0RI
WKHDQNOHURERWWKHGLVSODFHPHQWRIHDFK30DFWXDWRUFDQEH
REWDLQHGXVLQJWKHLQYHUVHNLQHPDWLFVDQGWKHPHDVXUHGURERW
URWDWLRQDQJOHV$FFRUGLQJWRWKHGLVSODFHPHQWRIDOODFWXDWRUV
SRVLWLRQFRQWURORIWKHDQNOHURERWFDQEHUHDOL]HG
% '\QDPLFV0RGHOOLQJ
'\QDPLFV PRGHO RI WKH URERW GHVFULEHV WKH UHODWLRQVKLS
EHWZHHQ WKHH[SHFWHG RXWSXW WRUTXHRI WKHPRYLQJSODWIRUP
DQGWKHGHVLUHGDQJOHVYHORFLWLHVDQGDFFHOHUDWLRQV7KDWLVWR
FDOFXODWH KRZ PXFK WRUTXH LV QHHGHG WR GULYH WKH PRYLQJ
SODWIRUPWRUHDFKWKHGHVLUHGRULHQWDWLRQ7KHPRYLQJSODWIRUP
RIWKHGHVLJQHGDQNOHUHKDELOLWDWLRQURERWFDQEHUHJDUGHGDVD
'2) VHULDO URERWLF PDQLSXODWRU ZLWK WKUHH MRLQW URWDWLRQ
D[HV 7KHUHIRUH WKH G\QDPLFV RI WKH SDUDOOHO URERW FDQ EH
HVWDEOLVKHGXVLQJ WKHPHWKRGRI VHULDO URERW/HW WKH ;D[LV
URWDWLRQD[LVEHD[LVWKH<D[LVURWDWLRQD[LVEHD[LVDQG
WKH=D[LVURWDWLRQD[LVEHD[LV7KHPRGHORIWKHPRYLQJ
SODWIRUPLVLOOXVWUDWHGDV)LJ

)LJXUH 0RYLQJSODWIRUPRIWKHDQNOHURERW
'\QDPLFVPRGHORIWKHURERWLVLQIRUPRI
          0 T T & T T T * T Ĳ    
ZKHUH  0 T LV WKH u LQHUWLDPDWUL[RI WKH URERWLFSODWIRUP
  & T T LV D  u PDWUL[ UHSUHVHQWLQJ WKH FHQWULIXJDO DQG
&RULROLV IRUFHRI WKHURERWSODWIRUP  * T LV WKH u JUDYLW\
YHFWRUDQG Ĳ LVWKHH[SHFWHGRXWSXWWRUTXHRIWKHURERW
 0 T FDQEHH[SUHVVHGE\
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  
  
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,9 6,08/$7,215(68/76$1'',6&866,21
%HIRUH GHYHORSPHQW DQG LQWHJUDWLRQ RI WKH URERW LQ UHDO
OLIH 0$7/$% VLPXODWLRQV ZHUH FRQGXFWHG WR HYDOXDWH DQG
YHULI\WKHPRYHPHQWDELOLW\RIWKHGHVLJQHGURERW7KHURERW
PRYLQJ SODWIRUP ZDV FRQWUROOHG WR WUDFN D SUHGHILQHG
WUDMHFWRU\ VLQ ZDYH WUDMHFWRULHV ZLWK  DPSOLWXGH LQ
GRUVLIOH[LRQSODQWDUIOH[LRQLQLQYHUVLRQHYHUVLRQDQG
LQ DGGXFWLRQDEGXFWLRQ DW  +] IUHTXHQF\ %\ XVLQJ
LQYHUVHNLQHPDWLFVWKHGLVSODFHPHQWRIHDFK30OLQNFDQEH
REWDLQHGDVZHOODVWKHYHORFLW\)LJSUHVHQWVWKHVLPXODWLRQ
UHVXOWVRIWKHURERWNLQHPDWLFVPRGHOLQWHUPVRIWKHGHVLUHG
URWDWLRQ DQJOHV WKH UHTXLUHG 30 OLQN GLVSODFHPHQW WKH
UHVXOWHG 30 OLQN FKDQJH YHORFLW\ DQG WKH FDOFXODWHG VSHHG
XVLQJ-DFRELDQPDWUL[

)LJXUH 6LPXODWLRQUHVXOWVRIWKHDQNOHURERWNLQHPDWLFVPRGHO
)LJ D VKRZV WKH GHVLUHG URWDWLRQ DQJOHV RI WKH HQG
PRYLQJ SODWIRUP )LJ E LV WKH GLVSODFHPHQW YDULDWLRQ RI
HDFK 30 DFWXDWRU REWDLQHG E\ XVLQJ WKH LQYHUVH NLQHPDWLFV
PRGHO7KHOHQJWKRIHDFK30LQIUHHVWDWHLVPPZKLOHLQ
WKH LQLWLDO]HURSRVLWRQRI WKHURERWPRYLQJSODWIRUPDOO WKH
30VKDYHWREHLQIODWHGWRWKHLQLWLDOOHQJWKWKDWLV>
@PP)LJFVKRZVWKHFKDQJHRIHDFK30¶V
OHQJWKGXULQJWKHURERWPRYHPHQW)LJG LV WKHVSHHGRI
HDFKOLQNREWDLQHGE\XVLQJWKH-DFRELDQPDWUL[,WFDQEHVHHQ
WKDWWKHURERWPRYLQJSODWIRUPLVDEOHWRFRYHUWKHIXOO5R0RI
WKHKXPDQDQNOHDQGWKHNLQHPDWLFVPRGHOLVYDOLGDWHG
7KH VLPXODWLRQ UHVXOWV RI WKH URERW G\QDPLFV PRGHO DUH
VKRZQ LQ )LJ  ZKHUH )LJ D VKRZV WKH GHVLUHG PRWLRQ
WUDMHFWRU\RIWKHPRYLQJSODWIRUP)LJEVKRZVWKHUHTXLUHG
RXWSXWWRUTXHRIWKHURERWSODWIRUPGHWHUPLQHGE\WKHG\QDPLF
PRGHO)LJFLVWKHJUDYLW\FRPSRQHQWRIWKHURERWPRGHO
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WKDWWKHGULYLQJIRUFHRIHDFK30LVUHILQHGJUHDWHUWKDQ]HUR
HQVXULQJWKHFRQWUROODELOLW\DQGVDIHW\RIWKHURERW
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GHVLJQHG URERW FRVWV D 30 PRUH EXW LW FDQ SURYLGHV PXFK
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$ QHZ FRPSOLDQW DQNOH UHKDELOLWDWLRQ URERW UHGXQGDQWO\
GULYHQE\ILYH30VZDVGHVLJQHGDQGPRGHOOHGLQWKLVSDSHU
%\WDNLQJDGYDQWDJHVRIWKH30¶VGULYLQJFKDUDFWHULVWLFVWKLV
URERWLVDEOHWRSURYLGHKLJKHURXWSXWWRUTXHDQGIXOO5R0IRU
KXPDQDQNOHWUHDWPHQW7KHNLQHPDWLFVDQGG\QDPLFVPRGHOV
RIWKHURERWDUHGHYHORSHGDQGVLPXODWLRQH[SHULPHQWVZHUH
SHUIRUPHGWRYDOLGDWHWKHPRGHOVDQGYHULW\WKHURERWPRYLQJ
DELOLW\5HVXOWVVKRZWKDWWKHURERWFDQKHOSWKHSDUWLFLSDQWWR
UHDFK ODUJHVFDOH PRYHPHQWV LQ GRUVLIOH[LRQSODQWDUIOH[LRQ
LQYHUVLRQHYHUVLRQ DQG HVSHFLDOO\ LQ DGGXFWLRQDEGXFWLRQ LQ
ZKLFKWKHPD[LPXPURERWUDQJHRIPRWLRQFDQGHILQLWHO\PHHW
WKH UHKDELOLWDWLRQQHHGVRI PRVWSHRSOH
V DQNOHV ,Q WKHQH[W
VWDJHZRUNWKHURERWKDUGZDUHVWUXFWXUHZLOOEHPDQXIDFWXUHG
DQG WKH FRQWURO VRIWZDUH ZLOO EH GHYHORSHG WR LQWHJUDWH WKH
DQNOH UHKDELOLWDWLRQ URERW V\VWHP LQ WKH DFWXDO HQYLURQPHQW
2XUIXWXUHZRUNZLOOIRFXVRQFRQWUROVWUDWHJLHVRIXVLQJWKH
URERW IRU DQNOH UHKDELOLWDWLRQ WUHDWPHQW 7KLV ZLOO LQFOXGH
SDVVLYHWUDLQLQJEDVHGRQURERWSUHGHILQHGWUDMHFWRU\WUDFNLQJ
FRQWUROLQZKLFKUREXVWOHDUQLQJFRQWURO>@ZLOOEHXVHGDQG
WKHDFWLYHSHUVRQDOL]HGWUDLQLQJEDVHGRQDGDSWLYHLPSHGDQFH
FRQWURODVZHOODVDGDSWDWLRQRIURERWFRPSOLDQFH>@
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